In this paper I construct a two-sector, input-output growth model to quantify the role of the structural transformation between manufacturing and services in reducing the U.S. GDP volatility. For a sector with a given gross output TFP volatility, value added TFP volatility is an increasing function of the share of intermediate goods in gross output. In the U.S. this share has been around 0.6 in manufacturing and 0.38 in services during the 1960-2005 period. Thus, the same level of gross output TFP volatility in the two sectors implies a 55% larger value added TFP volatility in manufacturing. In the model, this implies that when the services share in GDP increases, the volatility of TFP in the implied aggregate production function is reduced and GDP volatility declines. Numerical results for the calibrated model economy suggest that the increase in the share of services in GDP can account for 32% of the U.S. GDP volatility reduction between the 1960-1983 and the 1984-2005 periods. JEL Classi…cation: C67, C68, E25, E32.
Introduction
There is a large literature documenting the decline over time in the U.S. GDP volatility.
Among the various explanations advocated to explain this process are: improved inventory management techniques (Davis and Kahn, 2008) , better monetary policy (Leduc and Sill, 2007) , better …nancial instruments (Jermann and Quadrini, 2006) , a decline in aggregate total factor productivity (TFP) volatility (Arias et al., 2007) , and the structural transformation between manufacturing and services. 1 This last explanation is based on the observation that services represents the least volatile component of GDP and that the share of services in GDP increased in the U.S. between the 1960-1983 and the 1984-2005 periods. In the literature, the structural transformation hypothesis has been mainly tested through …xed weights counterfactual experiments. These experiments …x the shares in GDP of broad categories of goods to those of a given period. Next, a counterfactual GDP series is constructed using these shares together with the actual series of the broad categories real value added. The volatility of the counterfactual GDP series is then compared with the volatility of the actual GDP series. With this procedure, Davis and Kahn (2008) …nd that the structural 1 See McConnell and Perez-Quiros (2000), Blanchard and Simon (2001) , Stock and Watson (2002) and Dalsgaard et al. (2002) , among others. In this paper, the term "structural transformation" refers to the transformation of the aggregate production function of the economy that occurs when the share of services in GDP increases relative to that of manufacturing. 2 Figures are computed using Jorgenson Dataset, 2007 . Manufacturing includes all non-services sectors.
transformation can account for 12% of the GDP volatility reduction in the U.S. between the pre and the post 1984 periods. However, this methodology raises two issues. First, by …xing the shares of each broad category in GDP, the volatility implied by ‡uctuations in these shares vanishes in the counterfactual GDP series. Alcala and Sancho (2003) show that when appropriate chain-weighted index numbers are used instead of the …xed categories shares, the increase in the share of services in GDP can account for 30% of the reduction in output volatility in the U.S. over the 1950-2002 period. 3 Second, these experiments do not take into account general equilibrium e¤ects on aggregate volatility that can arise when the services sector expands with respect to manufacturing. For instance, it might be the case that the correlation between real value added in manufacturing and services changes after an expansion of the services sector relative to manufacturing. This, in turn, a¤ects GDP volatility.
In this paper I present a two-sector, input-output growth model to study the link between the share of services in GDP and GDP volatility. The two sectors, manufacturing and services, produce gross output using a Cobb-Douglas production function in capital, labor and intermediate goods purchased from the sector itself and from the other sector. Household's preferences are non-homothetic in that the income elasticity of services is greater than one and that of manufacturing smaller than one. From the input-output structure it is possible to derive a Cobb-Douglas aggregate production function in capital, labor and a total factor productivity (TFP) term, similar to the standard neoclassical aggregate production function. The main di¤erence is that the TFP term is now a function of gross output TFP of the two sectors. Assuming that gross output TFP follows a common process in the two sectors, and parametrizing the production function using U.S. data, the resulting aggregate TFP volatility is 32% larger when the economy produces only manufacturing than when it 3 See also Black and Dowd (2009) for a similar result for regional, state and aggregate data in the U.S.
produces only services. This suggests that, even if the underlying TFP process is the same at the gross output level in manufacturing and services, aggregate TFP volatility depends on the relative size of the two sectors in GDP. In this situation, a larger share of services in GDP implies a smaller aggregate TFP volatility and, in turn, a smaller GDP volatility.
The previous result is driven by the following mechanism. For a sector with a given gross output TFP, value added TFP is an increasing function of the share of intermediate goods in gross output in that sector. 4 This relationship extends to TFP volatility: for a given TFP volatility at the value added level 55% larger in manufacturing than in services. As GDP is a function of sectorial value added and the share of each sector in GDP, it follows that a larger share of services in GDP implies a smaller aggregate TFP volatility when gross output TFP is the same in the two sectors.
In the data, gross output TFP volatility is larger in manufacturing than in services during both the 1960-1983 and the 1984-2005 periods. Furthermore, gross output TFP volatility declines in both sectors between the two periods. It follows that three e¤ects on aggregate TFP volatility can be identi…ed over time. The …rst e¤ect is due to the decline in gross output TFP volatility in both sectors. The second e¤ect is due to the fact that the sector with the largest gross output TFP volatility (manufacturing) shrinks with respect to the other sector. Finally, the sector with the largest intermediate goods multiplier on value added TFP volatility (again manufacturing) shrinks with respect to the other sector. The model presented in this paper allows to separate the …rst e¤ect from the other two. In this way, it is possible to quantify the e¤ect that the structural transformation between manufacturing and services had on the GDP volatility decline in the U.S.
The strategy is to use the model to construct two steady states. The only structural di¤erence between the two steady states is the level of gross output TFP in each sector.
The di¤erence in gross output TFP levels in the two sectors between the two steady states matches the di¤erence measured in the data between 1960 and 2005. As income in the second steady state is higher, because of higher gross output TFP levels, the non-homotheticity of preferences implies that the services share of GDP is also larger. In addition, the model replicates other features of the decline in GDP volatility observed in the literature. As described above, without any change in the stochastic process of gross output shocks, when the share of services in GDP is larger, the model endogenously generates a smaller aggregate TFP volatility. This suggests that at least a part of the "good luck" explanation of the GDP volatility decline is due to a change in the transmission mechanism of sectorial shocks to the aggregate economy, rather than to a change in the stochastic processes of the shocks. Indeed, Giannone et al. (2008) argue in favor of the change in the transmission mechanism as the explanation of the observed reduction in aggregate TFP volatility. Davis and Kahn (2008) show that the volatility of each broad component of GDP declined over time in the U.S. The broad components considered in their paper are durables, non-durables, services and structures. In the model presented here, components of GDP are services consumption, manufacturing consumption and investment, where the latter is a manufactured good. Other conditions equal, the volatility of each of these components of GDP is smaller in the steady state with the largest share of services in GDP.
Finally, it is worth noting that the decline in GDP volatility occurred in most G7 countries (Stock and Watson, 2003) . This fact suggests that changes in the characteristics of a single country, such as changes in monetary policy, cannot represent a common explanation of the volatility decline across countries. Instead, the share of services in GDP increased over time in all industrialized countries.
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The remaining of the paper is organized as follows: section 2 discusses the relationship between gross output TFP and value added TFP, both at the theoretical and at the empirical level for the U.S.; section 3 presents the model; section 4 discusses the quantitative analysis;
…nally, section 5 concludes.
2 From sectorial TFP to value added TFP Consider a generic sector in which the representative …rm produces gross output using a
Cobb-Douglas production function in intermediate goods M and a function of capital and labor f (K; N ). 6 Markets are competitive so the …rm takes the price of capital r, of labor 5 As shown in Blanchard and Simon (2001) , the reduction in GDP volatility in the U.S. does not occur suddenly between the pre-84 and the post-84 periods, but it is a process that started at least in 1950 and was interrupted in the seventies and mid-eighties. Interestingly, Buera and Kaboski (2009) show that the rise in the services sector in the U.S. is also a phenomenon that started around 1950. 6 Assume f (K; N ) to be homogeneous of degree one in capital and labor.
w, of gross output p g and of intermediate goods p m as given. The problem of the …rm is to maximize the value of gross output minus the cost of inputs:
Here
is the gross output production function, 0 < < 1 and B is gross output TFP. I refer to B as sectorial TFP.
The …rst order condition of (1) with respect to intermediate goods implies that
Using (2) in (1) the following reduced form problem is obtained
Problem (3) is a standard pro…t maximization problem in which the representative …rm maximizes the di¤erence between value added and the cost of primary inputs capital and labor. In (3), B 1 f (K; N ) is the real value added production function of the sector considered and p v = (1 )
the price of real value added. 7 It follows that TFP at the value added level is given by B 1 . I refer to B 1 as value added TFP. 7 Here real value added is de…ned, as in Sato (1976) , as the contribution to gross output growth of primary inputs (capital and labor) and technical change. Sato (1976) shows that when the gross output production function is separable into intermediate goods and a function of primary inputs and technical change, the real value added index is unique and given by a Divisia index that satis…es
where V is the real value added index, G the gross output index, M the intermediate goods index and is the share of value added in gross output. Applying this formula to the gross output production function in (1), Bf (K; N ) M
1
, I obtain the Divisia index for real value added In the real business cycle literature, before computing volatility statistics, each variable is logged and detrended using the Hodrick-Prescott (HP) …lter. For a variable log(B t ) and its HP …lter log( B t ), the deviationb t at time t is given byb t = log(B t ) log( B t ). Instead, for the variable log(B 1 t ) the deviationb t at t is given byb t = (1= )[log(B t ) log( B t )]. As a result, the value of a¤ects value added TFP volatility through its e¤ect on sectorial TFP B. The average share of intermediate goods is 0.6 in manufacturing and 0.38 in services. These numbers imply that if the volatility of B were the same in the two sectors, the di¤erence in would deliver a value added TFP volatility 55% larger in manufacturing than in services.
9 8 Note that the result extends to the case in which volatility is computed as the standard deviation of the variable's growth rate. In that case, for a given growth rate of B t ,b t =log(B t ) log(B t 1 ), the growth rate of B 1 t isb t = (1= )[log(B t ) log(B t 1 )]. 9 Note that the Cobb-Douglas assumption on the gross output production function is not needed for the result. The relationship between sectorial TFP and value added TFP is obtained in any growth accounting exercise à la Solow (1957) , as long as the gross output production function is constant returns to scale and separable in value added and intermediate goods. Separability is an implicit assumption in all macroeconomic Aggregate TFP is computed using GDP as a measure of output, where GDP coincides with aggregate real value added. This suggests that even if the volatility of B were constant across sectors and countries, an economy producing only manufacturing would experience a volatility of aggregate TFP 55% larger than an economy producing only services. Table 2 reports volatility of sectorial TFP and value added TFP in manufacturing and services in the U.S. The series are logged and detrended using the Hodrick-Prescott …lter before computing statistics. In the next section I construct a model that permits to separate the …rst e¤ect from the other two. In this way, it is possible to assess the contribution of the structural transformation to the GDP volatility reduction. 
and that of services is
where 0 < < 1, 0 < j < 1, 0 < " j < 1, K j and N j are the amounts of capital and labor, M j is the manufactured intermediate good, S j is intermediate services and B j is sectorial TFP, with j = m; s. 10 Sectorial TFP B j is assumed to follow some stochastic process, 10 The literature provides estimates for the manufacturing sector that report an elasticity of substitution between value added and intermediate goods smaller than one (see Bruno, 1984 , for instance). However, unspeci…ed for the time being.
The manufacturing producing …rm solves max Km;Nm;Mm;Sm
where p m is the price of manufacturing, p s is the price of services, r is the rental price of capital and w the wage rate.
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The services producing …rm solves max Ks;Ns;Ms;Ss
subject to (5):
Given the structure of the supply side of the economy, competitive markets imply that the relative price of services with respect to manufacturing, p s =p m , is independent of the quantities produced of the two goods. This is given by
Details of the derivation are given in Appendix B. In (8) , is a function of the parameters m , s , " m and " s . The relative price of the two goods is technologically determined, that is, it depends only on the parameters of the production functions and on sectorial TFP, B m and B s . This result is due to the input-output structure of the model together with the assumption that the capital and labor aggregator is the same for the two …rms, K j N (4) and (5). 11 In Appendix A I show how to derive the representative …rm problem (6) from a more general problem with a continuum of …rms in manufacturing and services. The same derivation applies to problem (7) below in the text. 12 That is, the non-substitution theorem applies (Samuelson, 1951 ).
Households
The model economy is inhabited by a measure one of households indexed in the interval
. Households in this economy have preferences over manufacturing and services and are endowed with one unit of labor time each period which they supply inelastically. The consumption index at date t is given by
with s > 0, < 1 and 0 < b < 1, where c m;t and c s;t are the per capita consumption levels of manufacturing and services. As households are identical I avoid the use of the index i for the time being. The parameter s is interpreted as home production of services. 13 The utility function (9) displays an income elasticity of demand smaller than one for manufacturing and larger than one for services.
Households solve the following problem
subject to
where E is the expectations operator, the subjective discount factor and the depreciation rate of the capital stock. Each period t, the household decides services consumption, c s;t , manufacturing consumption, c m;t , and investment, k t+1 (1 )k t , given the rent from the capital stock owned, r t k t , and the wage from the unit amount of labor services o¤ered, w t .
The capital stock is produced in the manufacturing sector. This implies that the price of capital is p m . 14 
Two Aggregate Production Functions
In this section I show that from the input-output structure of the model it is possible to derive a Cobb-Douglas aggregate production function in capital, labor and a TFP term, similar to the standard neoclassical aggregate production function. As in the latter case, the aggregate production function for this economy relates the aggregate resources available for consumption and investment purposes to the amount of capital and labor used in production in the economy.
An aggregate production function for this economy can be obtained by solving the following static maximization problem max Km;Nm;Mm;Sm;Ms
are the gross output production functions de…ned in (4) and (5) and K and N are the amounts of capital and labor available in the economy in the period considered. The solution to problem (11) determines the maximum amount of manufacturing that can be consumed -or invested -in the economy when c s = 0 for all households, that is, when the services sector serves only as an intermediate sector. 15 The solution to problem (11) at time t is
15 In other words, the solution to (11) determines the point in which the production possibility frontier of this economy crosses the manufacturing axis. The entire production possibility frontier can be found by solving (11) with constraint
In this case, the solution to (11) gives the amount of manufacturing that can be consumed -or investedwhen the amount of services consumption is c s .
where m , f 1 and f 2 are functions of m ; s ; " m and " s . By dividing (12) by (8) 
where s , f 3 and f 4 are also functions of m ; s ; " m and " s . Details of the derivation and the explicit functional form of m , s , f 1 , f 2 , f 3 and f 4 are given in Appendix B. As a standard neoclassical aggregate production function, (12) and (13) with a di¤erence between the two cases of 31%. Thus, TFP volatility is also 31% larger in the …rst case.
The functions (12) and (13) represent the points in which the production possibility frontier of this economy intersects the manufacturing and services axes. This suggests that, in this economy, the volatility of aggregate output is reduced moving along the production possibility frontier, that is, reducing manufacturing consumption -or investment -and increasing services consumption. In U.S. data, GDP composition changes over time becoming more intensive in services and less in manufacturing. As GDP composition changes, the transmission of sectorial shocks to the aggregate economy changes and this implies a change in measured aggregate TFP volatility. This result is consistent with the view expressed in Giannone et al. (2008) , who argue that the decline in aggregate TFP volatility is not due to a change in the stochastic processes of shocks, but rather to a change in the propagation mechanism of those shocks. 16 
The Competitive Equilibrium
A competitive equilibrium for the economy under study is a set of prices fp m;t ; p s;t ; r t ; w t g 
and G s;t = c s;t + S m;t + S s;t . 16 The di¤erent functions f 1 , f 2 , f 3 and f 4 also imply that aggregate TFP growth is di¤erent in (12) and (13) . Thus, even if sectorial TFP growth is the same in manufacturing and services, an economy producing only manufacturing will experience a growth rate of aggregate TFP larger than an economy producing only services. This mechanism is potentially able to explain the larger growth rates of developing with respect to developed economies. I address this issue in a parallel research.
The Planner' s Problem
In the model presented there are no distortions so an equal-weight Pareto problem delivers the competitive equilibrium solution. A benevolent social planner in this economy solves the following dynamic programming problem V (k; z m ; z s ) = max cm;cs;k0
subject to terms. The marginal rate of transformation between manufacturing and services, , is given by (8). 17 As services can be transformed into manufacturing at the rate , it is possible to write a unique resource constraint where the aggregate production function, V m , is given by (12) . As population in the economy is constant over time and equal to one, the aggregate Finally, note that the sectorial real value added concept, needed to construct aggregate value added requires the existence of the appropriate price index to de ‡ate sectorial nominal value added. In the planner's economy there are no prices by construction but the correspondence with the competitive equilibrium can be used to resort to the real value added concept.
In Appendix C, I show how the value added price indices in the two sectors are obtained in the competitive equilibrium. Once the equilibrium is found in the planned economy, these prices can be used to obtain real value added in the two sectors. Once real value added in the two sectors is obtained, aggregate real value added is computed as a chain-weighted Fisher quantity index. 18 Aggregate real value added is the model's counterpart of real GDP in the data, which is also computed as a chain-weighted Fisher quantity index. 19 
Strategy and Results
In this section I use the planner's problem presented in section 3.5 to quantify the role of the structural transformation in reducing GDP volatility in the U.S. To do this, I perform simulations of linear quadratic approximations of the model around two steady states that di¤er in the size of the services sector in the economy. 20 The idea is that, when the services 18 The quantitative results of the paper do not change when a Tornqvist index is used. 19 See the Bureau of Economic Analysis (2006). 20 See Appendix D for the derivation of the non-stochastic steady state of the economy. Note also, that the two-sector model presented in this paper does not display a balanced growth path (BGP). In general, multi-sector growth models do not display a BGP, unless under restrictive assumptions on the utility or the production functions, as in Kongsamut 22 In general, non-homothetic preferences are not crucial to generate an increase in the share of services in GDP. As value added TFP growth in services is lower than in manufacturing, this can be accomplished through CES preferences with a low elasticity of substitution (as in Ngai and Pissarides, 2007 for instance). However, in the U.S., both the relative price and the relative quantity of services with respect to manufacturing increase over time. For the model to generate both an increase in the relative quantity and in the relative price of services with respect to manufacturing, an income e¤ect coming from non-homothetic preferences is needed. Without being a target of calibration, the ratio of real value added in services over real value added in manufacturing increases by 30% in the model between the two steady states. In the data, the increase between the corresponding periods is 26%. market production observed over time in the U.S. 23 Furthermore, note that the small value of the parameter b is due to the fact that the capital good is produced in the manufacturing sector only. This implies that, to match the share of manufacturing in GDP observed in the data, the weight of manufacturing in preferences must be small. 24 The standard deviation in the …rst sub-period is 57% larger than in the second sub-period. This con…rms the general result encountered in the literature of a large decline in GDP volatility between the two sub-periods. . 24 Standard deviations are computed as in standard business cycle exercises. The Hodrick-Prescott parameter used to …lter the series is = 100, consistent with annual data. The series used is the yearly real GDP series from the St. Louis FED. 25 For the methodology to perform linear quadratic approximations I follow Diaz-Gimenez (1999). In this way, the di¤erence in GDP volatility observed between steady states derives from the di¤erent size of the services sector across steady states, and not from a reduction in sectorial TFP volatility.
The …rst row of 26 The results encountered con…rm that the structural change contributes substantially to the decline in GDP volatility in the U.S.
Consider now the change in volatility in the components of GDP in the model, manufacturing consumption, services consumption, and investment, between the two steady states. 27 This is reported in Table 7 . The volatility of each component of GDP is larger in the …rst steady state with respect to the second. This is consistent with Davis and Kahn (2008) , who show that the volatility of each component of GDP declines over time in the U.S. As in the standard one sector growth model, investment displays a larger volatility with respect to consumption in both steady states. The large volatility of services with respect to manufacturing consumption is due to the non-homotheticity of preferences that make the elasticity of services consumption with respect to income larger than that of manufacturing consumption.
Finally, consider the standard experiment performed in the literature to assess the contribution of the structural transformation to the decline in GDP volatility. In this experiment the shares of manufacturing and services in GDP are …xed to the values observed at the beginning of the sample period, and a counterfactual GDP series is constructed using the actual series of manufacturing and services real value added. The volatility of this counterfactual series is then compared with that of the actual GDP series and the di¤erence between the two is attributed to the contribution of the structural transformation to the GDP volatility decline. 28 I perform this experiment using the data on manufacturing and services real value added generated by the model in the two steady states reported in Table 8 reports the results. 29 Although the standard deviations of manufacturing and services decline across steady states, the volatility of the counterfactual GDP series does not change. Thus, this methodology does not capture the contribution of the structural transformation on the GDP volatility decline encountered in the decomposition experiment of table 6. This is because the volatility of GDP does not depend only on the volatility of the single components of GDP, but also on their correlation.
In the model, the correlation between manufacturing and services is negative and declines (2000) use sample averages as weights. 29 In practice, the growth rate of the counterfactual GDP series is a Tornqvist index where single components are manufacturing and services. In this index the weight of services is …xed to 0.55 and that of manufacturing to 0.45. single components of GDP.
Conclusions
The structural transformation between manufacturing and services in modern economies is a well established fact. At the same time, the reduction in GDP volatility appears to be a common process across industrialized countries. In this paper I show that in the U.S., the same TFP volatility at the sectorial level in manufacturing and services delivers a di¤erence added TFP growth rates between manufacturing and services is due to the di¤erent share of intermediate goods in the two sectors, rather than to a di¤erent TFP growth rate at the gross output level. This fact implies that, even when sectorial TFP grows at the same rate in the two sectors, aggregate TFP growth is not uniquely determined but depends on the weights of the two sectors in GDP. It follows that the demand side (internal or external to the economy), which determines the size of the two sectors in GDP through preferences, a¤ects both aggregate TFP volatility and aggregate TFP growth. I study the implications of the structural transformation on growth in a parallel research.
Data Appendix
All data except the GDP series are from Jorgenson Dataset, 2007. 30 The series for GDP is the annual Real GDP series from the Federal Reserve Bank of St. Louis. Using individual sectors, I construct indices of gross output, capital, labor and intermediate goods for the two broad sectors, manufacturing and services. Gross output for each broad sector is constructed using chain-weighted Fisher indices. 32 The aggregate labor series in each broad sector, manufacturing and services, is computed as
where each ln N jt is the growth rate of the labor index in sector j at t. I = 27 for manufacturing and I = 8 for services. The weight n jt represents the average of the previous and current period share of labor compensation of sector j in total labor compensation of the broad sector -manufacturing or services.
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The aggregate capital series in each broad sector, manufacturing and services, is computed as
where each ln K jt is the growth rate of the capital index in sector j at t. I = 27 for manufacturing and I = 8 for services. The weight Sectorial TFP in manufacturing and services is constructed in each period as
where, i = manuf acturing; services, G i is the gross output quantity index for sector i, K i , common across sectors and it is equal to the average share of capital in value added in the economy. This is done for consistency with the model. However, note that by computing (17) with the sectorial for each sector i provides the same …gures reported in Table 2 .
Thus, volatility is note a¤ected by this choice. In terms of growth, considering a di¤erent across sectors would imply a growth factor of 1.33 instead of 1.30 for manufacturing and of 
Thus, the autoregressive process
can be estimated as 
Thus, I compute the standard deviation of the whole series log(T F P 
with m exogenously …xed to 0:95, as in Cooley and Prescott (1995) . However, as the series of shocks in (21) is stationary, because z s;t+1 follows a random walk, the series in (22) 
34 To see this, consider that because z t+1 is a random walk, the m;t+1 in (21) are stationary. Consider now an exogenously given = 0:95 and use it to generate a series of shocks m;t+1 from the formula m;t+1 = z t+1 z t . Using (21) it is possible to write m;t+1 = (1 )z t + m;t+1 . It follows that m;t+1 has a stationary part, m;t+1 , and a non-stationary part, (1 )z t , so m;t+1 is non-stationary. 
Finally, note that aggregate output and inputs in the manufacturing sectors are
It follows that (24) is the pro…t maximization problem of the unique representative …rm in the manufacturing sector stated in (6) . The same argument holds for the services sector, and can be used to state problem (7). 
and it is equal to
, is a function of gross output TFP, B m , and of the elasticity of manufacturing gross output with respect to manufactured intermediate goods, " m (1 m ).
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Equation (26) can be re-written as
where
0 < < 1 is equal to 
subject to (27) . 35 Note also that the price of G m and Y m is the same.
The net production function in the services sector is accordingly derived and it is given
where 0 < < 1 is equal to
, K s and N s are the amounts of capital and labor and M is the amount of manufacturing used as intermediate good in the services sector. Finally,
The problem of the representative …rm in services becomes
subject to (30) .
With competitive markets each …rm sets the price equal to the marginal cost. Given the Cobb-Douglas form of (27) and (30) , the price of the manufacturing good is
and that of services
where m2 is a function of and and s2 is a function of and . 36 By solving (32) 
which is equation (8) To …nd the aggregate production function of the economy (12) it is convenient to use again the net production functions (27) and (30) . The aggregate production function is the solution to the following problem where K and N are the aggregate capital and labor available for production in the period considered. 37 The solution to this problem is 
37 Note that (37) corresponds to a reduced form problem of (11) in which the …rst order conditions with respect to M m and S s already hold.
which is equation (12) . 38 See note 7 for a discussion of the real value added concept.
Here, the aggregate production function in manufacturing terms is given by (12 , and set N t equal to one, so that it is possible to write V m;t = k t . 39 The …rst order conditions of (46) with respect to c s;t , c m;t and k t+1 deliver the following two conditions 
By using (49) in the production function V m;t , it is possible to obtain the per-capita feasible production of manufacturing
Finally, in steady state, k t+1 (1 )k t = k (1 )k = k. The budget constraint becomes
By using (47) in (50) it is possible to obtain
and using (51) in (47) the steady state level of c s is obtained. 39 Given that N t = 1 in each period, the aggregate and per-capita production functions coincide, that is, V m;t = K t = k t
